The aim of the work was to determine the variability of nitrogen oxides concentration in the years [2005][2006][2007][2008][2009][2010][2011][2012][2013][2014] 
Introduction
The main source of nitrogen oxides in the atmosphere are combustion processes, including the traditional (fossil fuels) and motor vehicles (Bell and Ashenden, 1997, Shahgedanova et al., 1999) . Nitrogen dioxide is formed mostly as a result of oxidation processes of emitted nitric oxide, in smaller share as direct emissions. The largest share of emissions of nitrogen oxides is road transport, then the energy and industrial sectors. In 2013, the share of road transport in the emissions of nitrogen oxides in the EU amounted to about 46 % on average (EEA, 2015) . The highest concentrations of NO2 are most often in the vicinity of roads with high traffic. Despite the negative trend in NO2 emissions observed in the first decade of the 21st century in the European Union as a whole (EEA, 2015) , the NOx emission, and particularly NO2 from mobile sources, has not been reduced as much as expected. In most EU countries in 2013 the reported level of the average annual concentration of NO2 exceeded the permissible value in at least one measuring station. An unfavorable phenomenon is the fact that 80 % of NO2 emissions from motor vehicles come from diesel-powered vehicles, which emit mainly the harmful NO2 and increase its share in the emitted nitrogen oxides total. As a result of that the observed average annual concentration of NO2 is decreasing less than that of NOx emissions. The presence of nitrogen oxides in the atmosphere not only negatively affects human health but contributes to the growth of harmful concentrations of tropospheric ozone, observed in many places in the world (Kalbarczyk et al., 2015) . Excessive levels of air pollutants in the form of nitrogen oxides, especially in urban areas and in the vicinity of roads, is still an unresolved problem. Therefore studies of their variability seem to be, despite the many existing developments, most warranted. The aim of the work was to determine the variation of the concentrations of NO and NO2 in the years 2005 -2014 in Poznan (middle -western Poland) in conjunction with wind patterns.
Material and methods
The material for research were the values of hourly concentrations of ) from January to December in the years 2005-2014, measured at the station of the State Environmental Monitoring in Poznan (figure 1).
The station is located in the north -western part of the city (λ = 16°52'38"E, ɸ = 52°25'13"N, Hs = 84 m above sea level), surrounded by low buildings, including detached houses. Just ca. 12 km northwest of the station is the heavily frequented expressway S-11, which connects with highway A-2 (the international road E-30). Poznan with population of approximately 540 thousand is the fifth in terms of the number of inhabitants of the cities in Poland (Poznan, 2016) . As an important centre of higher education, during the academic year (October -early June), the number of its inhabitants increases by tens of thousands of students, which clearly increases the intensity of the street traffic. The significant increase in the volume of traffic is also due to the high rate of motorization -ca. 580 cars per 1000 inhabitants (GUS, 2014 http://stat.gov.pl). At the station the State Environmental Monitoring in that location were conducted, in addition, measurements of meteorological elements. The research made use of the results of hourly measurements of the total of solar radiation (rad, W·m -2 ), air temperature (ta, o C), air relative humidity (rh, %), direction (wr) and wind speed (ws, m·s -1 ), and barometric pressure (ph, hPa). The data collected was characterized statistically by calculating the average values (x̄) and the standard deviation (sd), in the year, seasons (spring: March -May, summer: June -August, autumn: September -November, winter: December -February), months, and days, and with regard to the direction of the wind. It was also calculated the frequency (%) of incidence of hourly concentrations of NO and NO2 at designated intervals according to the seasons and the year. For the values of NO and NO2 were constructed pollutant wind roses and wind roses for meteorological elements: rad, ta, rh, ws, ph, for the four seasons. Also were specified the relationships between nitrogen oxides with wind from the direction that most affected them, i.e. NE, and the weather in the four seasons under consideration. The strength of relation was verified by calculating the Spearman's rank correlation coefficient (rs) at P < 0.05.
Results
In the years 2005 to 2014 the average monthly concentration of NO2 in Poznan was two or even three times higher than the average NO concentration. The highest average monthly values of NO2 concentration were reached in February and March, amounting to ca. 30 µg·m -3 , the lowest in June and July when it was less than 20 µg·m -3 (figure 2). In this multiple -year period, the highest average monthly NO concentration was recorded in November and December, then it slightly exceeded 12 µg·m -3 . The lowest monthly values of NO concentration occurred in September and October, being below 9 µg·m -3 . Time distribution of the monthly average concentrations of NO2 and NO during the year was partially reversed. The highest monthly value of NO2 concentrations, above 25 µg·m -3 , occurred from September to April; while the NO concentration in September and October, and from January to March, reached their lowest average level below 10 µg·m -3 .
There also occurred quite a large differentiation of seasonal average concentration of NO2. The lowest was the average concentration of NO2 in the summer, that was ca. 20 µg·m -3 ; he largest in winter -over 28 µg·m -3 . Compared with changes in seasonal concentrations of NO2, the seasonal average concentrations of NO differed a little between each other and were ca. 10 -11 µg·m -3 . The standard deviation of the concentration of NO2 in the individual months ranged from 2.1 µg·m -3 in August to 8.1 µg·m -3 in January. In the case of NO, similar standard deviation was from 4.0 µg·m -3 in October to 9.4 µg·m -3 in December, indicating a greater than in the case of NO2 volatility of its hourly values. Similarly, the values of the standard deviation of the concentrations of NO and NO2 by seasons indicate more variation in NO than in NO2, especially in summer, and also in winter and spring. , and concentrations below 10 µg·m -3 began to be more frequent. In the case of NO2, the progress in reducing the level of air pollution was not as pronounced. Average monthly concentrations at the top range of values above 40 µg·m -3 occurred even in 2012. NO and NO2 also differed in temporary distribution of the prevalence of monthly average concentrations in individual concentration intervals. In the case of NO, concentration of the lowest and highest ranges for 2009 were listed both in the warm and cool months. The lowest hourly concentrations of these pollutants were reported around noon, for NO2 at 12 -13 h, for NO one hour later. During the multiple-year period, the highest average hourly concentration, above 30 µg·m -3 , was observed in the second half of the year, from September to November from 6 -7 h and 17 -21 h (figure 5). The highest daily concentrations of NO2 were 40 µg·m -3 , they were observed only during late afternoon and evening, i.e. between 17 h and 21 h, but such values occurred in both the first and second half of the year -more specifically in the months of February -May and August -November. The highest average hourly values of concentration of NO and NO2 in the study period for both pollutants occurred in October, 18 h (NO2) and 19 h (NO).
Both throughout the year, and its seasons, the most frequently observed values of average hourly concentrations were within the range of 0 -10 µg·m -3 (figure 6). During the year, the incidence of such concentrations was ca. 80 %, it varied from ca. 67 % in autumn to ca. 90 % during summer. In the range of 0 -10 µg·m -3 , most frequent, 45 % rate, were concentrations in the range of 0 -2 µg·m -3 . In spring and summer such concentrations dominated among all observations, constituting 54 % and 58 %, respectively. Average concentrations above 50 µg·m -3 were observed with 5 % frequency on average. The least frequent, because only 2 % of the observations, were concentrations > 50 µg·m -3 in summer time, they most often occurred in autumn, when they accounted for more than 8 % of cases. The average hourly concentrations of NO2, < 10 µg·m -3 , (figure 6) were reported less frequently than NO concentrations, with the average rate during the year at ca. 16 %. Like for NO most often as low concentrations were observed in summer, however their frequency was only ca. 27 % of the observations. The season in which the concentrations in the range of 0 -10 µg·m -3 were the least frequent, with an incidence of ca. 10 %, was, like for NO, the autumn, although very similar level of incidence of these concentrations was also in the winter period. , most common both in the course of the year, with 6 % frequency, and in the seasons, were concentrations within the highest concentration range, 8 -10 µg·m -3 . Such values were observed most frequently, in more than 4 % of all observations, in the spring, and the least, with an incidence of only 1.9 % of the cases, in the winter. Most of the hourly NO2 concentrations were in the range of 20 -30 µg·m -3 . Such values were observed in both throughout the year and during the seasons. During the year their frequency stood at an average of 32 %, for seasons it ranged from less than 26 % in winter to over 37 % in summer. The frequency of the highest concentrations, from the range > 50 µg·m -3 , during the year was ca. 9 % of all observations. In individual seasons the highest concentration was observed most frequently in spring, with up to 1 %, the least in summer, when they accounted for almost 6 % of the cases. In these studies, based on the pollution rose for nitrogen oxides in the respective seasons you can find a clear link between the wind direction and the level of their concentrations. The highest concentrations of both NO and NO2 were recorded with winds from the NE (figure 7) in all seasons of the year.
When the wind blows from the NE, top values of NO concentration, 41 µg·m -3 , occurred in autumn, the highest values of NO2, 49 µg·m -3 , in winter. The next stage of the research was to compare wind direction rose and rose of the other basic elements of weather -rad, ta, rh, ws, ph (Fig. 8) . In the years 2005-2014, at the station in Poznan, the dominant winds were from SW (winter, summer and autumn) or W (spring). The second in terms of frequency of observation was the S direction (autumn and winter). Of the meteorological elements considered, a clear differentiation with regard to wind direction can be discerned for the values of solar radiation, wind speed and atmospheric pressure, a weaker for the value of air temperature, and there was no apparent variation in the case of relative humidity of the air (figure 8). The calculated Spearman's correlation coefficients for significant, at least at P < 0.05, relationship between nitrogen oxides with wind from NE and the weather in the four seasons in question allowed to confirm the occurrence of reciprocal links, in this case of negative direction, with the exception of relative humidity of the air (table 1). The strongest correlation was found between the concentration of NO2 and the speed of wind in spring (rs = -0.45) and NO2 and solar radiation in summer (rs = -0.42). Relative air humidity was significantly correlated positively with the level of concentrations of NO and NO2 almost in all seasons (with the exception of the concentrations of NO2 in summer). Just one less significant relationship was confirmed between the concentration of nitrogen oxides and air temperature and wind speed. The least significant correlation occurred between the concentration of nitrogen oxides and atmospheric pressure (only for concentrations of NO2 in summer and autumn). Due to the confirmation of a significant effect of variable meteorological conditions on the variability of nitrogen oxides, in the final stage of the work we examined the distribution of the daily variation of nitrogen oxides and meteorological elements with the winds blowing from the NE in the four seasons in question ( figure 9 ). The course of hourly concentrations of nitrogen oxides had two maxima per day, of which the morning maximum was most noticeable in spring and winter, and the evening maximum -in autumn and winter; the least diverse were those concentrations in summer.
In the case of NO2 the highest hourly concentrations occurred in evenings for all the seasons, the occurrence of the second maximum in the morning was pronounced in winter only. In the years of research the course of radiation was typical, the highest totals were seen at about 12 h, the summer totals of radiation were more than 4 times higher than in winter. Average temperatures at the time for a day ranged between -8.7 and -0.1 o C in winter and from 14.6 to 25.8 o C in summer. Relative air humidity changed the most throughout 24 h in spring and summer, from ca. 47 % in 14 -16 h to ca. 89 % in 4 -5 h. The highest wind speed was observed during the day, summer and fall around noon. The values of atmospheric pressure were highest, > 1012 hPa, usually in winter and spring, and lowest, ca. 1000 hPa, in summer. 
Discussion
Shown in the research, 2 -3 times higher than that of NO, level of average monthly concentrations of NO2 confirmed the great importance of NO concentration in the formation of that pollution and of its oxidation that takes place in the atmosphere. Such a big predominance of NO2 concentration over NO should be considered adverse phenomenon due to the much greater, compared to NO, toxicity of NO2. Worrying in view of human health preservation is also the fact that with the generally observed reduction in the concentration of NO and NO2 the latter varied at a much slower pace. Limitation of NO2 emissions, in the light of research conducted around the world, is still a challenge (Monks et al., 2009) . Trends in concentrations of NO and NO2 can happen, depending on the level of local emissions, even in opposite directions. No significant changes in the concentration of NO2 were found e.g. in Brazil and Catalonia (Alier et al., 2009 , Agudelo-Castaneda et al. 2014 , no negative trend or even increase in the concentration of NO2 in the 21st century in Europe and China showed Chen et al. (2011) and Henschel et al. (2015) . In turn, negative, statistically significant trend of NO2 and NO has been demonstrated in Greece (Papaioannou et al., 2010) .
From the point of view of human health, important is not only to the average level of pollution, but above all the observed episodes of maximum values. The studies of temporal variability of concentrations of NO and NO2 in Poznan have shown that the highest monthly values of the concentrations are in cold time of the year, in the case of NO in late autumn (Nov-Dec) and in the case of NO2 in early spring (Feb-Mar) . Such a seasonal distribution of high concentrations of NO and NO2, are confirmed by numerous studies from different parts of the world (Bell and Ashenden, 1996 , Hargreaves et al., 2000 , Bigi and Harrison, 2010 , Mavroidis and Ilia, 2012 , Alejo et al., 2013 , Fantozii et al., 2013 , Agudelo-Castaneda et al., 2014 . The most often indicated causes of higher concentrations of NO2 and NO in winter than in summer are, among others, less traffic and industrial emissions in the period of summer vacations, as well as increased removal of air contaminations by rain in the zone of humid and warm time of the year; and smaller oxidation of NO due to reduced solar activity (Bell and Ashenden, 1996 , Papaioannou et al., 2010 , Mavroidis and Ilia, 2012 , Alejo et al., 2013 .
The level of NO2 in Poznan in individual seasons was clearly differentiated, while the average seasonal NO concentrations remained at the same level. In the same years of research, the values of the standard deviation of the concentrations of NO and NO2 indicated a greater variability of daily concentrations NO than NO2 according to seasons, and the distribution of concentrations in the ranges concerned -also for monthly periods. The study of the daily variation of hourly concentrations of NO and NO2 has shown that they have a distribution with two maxima, morning and evening, confirmed also for other localities (Park et al., 2008 , Altaf Arain et al., 2009 , Hagler et al., 2009 , Biggi and Harrison, 2010 , Henschel et al., 2015 , Kalbarczyk et al., 2016 . This regularity was most often described to the differentiated traffic of vehicles observed throughout the day, but also to the heating network activity or industrial emissions (Alier et al., 2009 , Alkama et al., 2009 , Teixeira et al., 2009 , Papaioannou et al., 2010 , Carslaw et al., 2011 , Agudelo-Castaneda et al., 2014 .
The level of concentrations of NO and NO2 mainly depended on the level of pollutant emissions, but was modified by the variable weather conditions, first of all the wind. Studies of the relationship between concentration levels of NO, NO2 and NOx and the wind direction were carried out by e.g. Cheng and Lam (2000) , Altaf Arain et al. (2009), Papaioannou et al. (2010) . Influence of wind direction depends on the local circumstances, mainly the position of local emission sources. Aside of the direction and important parameter of wind is its speed, whose increase usually causes reduction in concentrations of pollutants, including NO and NO2 (Cheng and Lam, 2000 , Hargreaves et al., 2000 , Elminir, 2005 , Altaf Arain et al., 2009 , Mavroidis and Ilia, 2012 , Agudelo-Castaneda et al., 2014 . In the work it was also confirmed the negative relationship between the concentration of NO and NO2 and air temperature. Similar relationship was shown in studies by Bigi and Harrison (2010) , Agudelo-Castaneda et al. (2014) , while a positive relationship between concentration and temperature under conditions of Algeria was found by Alkama et al. (2009) . In the work by Shahgedanova (1999) the level of the daily variation of NO2 in Moscow was related to the level of NO, and then to the meteorological factors, mainly air temperature and solar radiation, and also to the passage of the warm front. The work did not confirm the relationship between NO and NO2 and air humidity, though such was found in the work of some authors (Alkama et al., 2009 , Agudelo-Castaneda et al., 2014 .
Conclusion
The average level of NO2 concentration in surrounding of monitoring station in Poznan was 2-3 times greater than that of NO. Both the concentration of NO2 and NO showed a marked seasonality. The highest average pollution level was observed in the cold months, NO in November and December, NO2 in February and March; the lowest level of NO2 was recorded in summer (June and July), and NO in the autumn (September and October). Daily distribution of NO and NO2 was characterized by the presence of two distinct maxima, in the morning and evening. The hourly concentrations of NO most often (in 80 %) were in the range of 0-10 µg·m -3 , NO2 -in the range of 20-30 µg·m -3 (in 32 %). Among the relevant meteorological elements, the variation of the concentrations of NO and NO2 were most strongly modified by the wind and air temperature. The characteristic distribution of concentrations of NO and NO2 in the course of the year and day may attest to its strong dependence on the level of local emissions from the combustion of fuel in heating systems and transport. Monthly concentrations of NO and NO2 in Poznan in the years 2005-2014 showed a falling tendency, more pronounced for NO.
